The purpose of this study was to compare the effects of combined strength and plyometric training with soccer training alone on strength and power-related measurements in professional soccer players. Subjects were randomly divided LQWR WZR JURXSV JURXS (* Q ൎ SHUIRUPHG KHDY\ UHVLVWDQFH and plyometric training thrice a week during 6 weeks training period in addition to 6-8 soccer sessions per week; group CG Q ൎ SHUIRUPHG VRFFHU VHVVLRQV D ZHHN (* VLJQL¿FDQWO\ LQFUHDVHG S EDOO VKRRWLQJ VSHHG DQG DJLOLW\ EXW VKRZHG no changes in body mass. Within-subject improvement was VLJQL¿FDQWO\ KLJKHU S LQ WKH (* FRPSDUHG ZLWK WKH &* IRU YHUWLFDO MXPS KHLJKW DQG P VSULQW WLPHV GLVWDQFHV covered in the Yo-Yo intermittent recovery test. Plyometric can be concurrently performed with high load muscular strength training to enhance soccer players' explosive performances.
INTRODUCTION
During a 90-minute football match, professional football players make numerous explosive bursts, like kicking, tackling, jumping, turning, sprinting and changing pace. 1 Speed strength, also known as power, is very crucial for the performance in sports, where changes of direction, acceleration and jumps are of importance. 2 Hence, strength and power in the leg muscles are important for the professional football players. Various explosive activities are required in soccer, such as jumping, kicking, tackling, turning, sprinting, and changing pace. 3 Improvements of these explosive performances have been reported after strength training that increased the available force of muscular contraction in appropriate muscle groups. 4, 5 In addition, it has been reported that jump height (r = 0.78), 10 m (r = 0.94), and 30 m (r = 0.71) sprint performances are highly correlated with maximal muscular strength in professional soccer players. 6 Muscular strength could be increased by two mechanisms: muscular hypertrophy and neural adaptation. 4 The former increases the cross-sectional area of muscle and results in greater body mass, which is generally not desirable in soccer players because the extra weight may decrease overall performance. 3 Alternatively, neural adaptation HQKDQFHV PXVFOH VWUHQJWK E\ UHFUXLWLQJ PRUH PXVFOH ¿EHUV while causing minimal increase in body mass. 4 Therefore, to maximize strength gains without an increase in body mass, the training program for soccer players who already KDYH VXI¿FLHQW PXVFOH PDVV VKRXOG FRQVLVW RI KLJK ORDG DQG short repetition sets (i.e. 4-6 RM) for 3 to 4 sets 4 with 2 to 5 minutes of rest in between sets.
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Plyometric training-jumping, bounding and hopping exercises that use the stretch shortening cycle of the muscle unit-have consistently been shown to improve the production of muscle force and power. 8, 9 In particular, the fast force production of the trained muscle improves, coupled with smaller increases in maximum isometric force. 8 These physiological adaptations have facilitated increases in vertical jump height [9] [10] [11] [12] and decreases in sprint and acceleration times. 9, [13] [14] [15] Plyometric training involves exercises where the active muscles are stretched prior to its shortening. Plyometric exercises can be done either with or without external load, and both modalities have been shown to increase power, jumping height and sprint performance. 12, 15, 16 However, contradictory results exist regarding the effects of plyometric training on speed-power parameters 12, 17 as well as for the effect of heavy strength training. 12, 18, 19 Heavy strength training and plyometric training may affect different aspects of power-related skills. Consequently, it has been suggested that combining heavy resistance training and plyometric training improves power and power-related skills to greater extent than any of the two training modalities alone.
hypothesis that combining heavy strength training and plyometric exercises is superior to only training one of the training modalities.
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An 8-week combined strength, ballistic and on-court (including plyometric actions) training program in elite volleyball players resulted in superior jump performance compared to strength or on-court training only. 23 We are not aware of any controlled studies in professional soccer players which focus on effects of heavy strength training with or without plyometric exercises on important skills in soccer like maximum power, jump and sprint performances. Therefore, the purpose of this study was to compare the effects of combined strength and plyometric training with soccer training alone on power-related skills in professional soccer players. The intervention (6-week) took place in the preseason preparation phase, including 6 to 8 soccer sessions a week.
MATERIALS AND METHODS

Experimental Approach to the Problem
To examine the effects of preseason concurrent strength and plyometric training on professional soccer players' physical performance, all players participated in the pretest WR PHDVXUH WKHLU EDVHOLQH SHUIRUPDQFHV 6SHFL¿FDOO\ DOO players participated in two test sessions separated by 4 days in the following sequence: Day 1-anthropometry measurements, isokinetic strength testing, maximal vertical jump, ball-shooting, 30-m sprint, and agility and day 2-Yo-Yo intermittent recovery test (YYIRT). Players had a 10-minute warm-up consisting of slow jogging and static and dynamic stretching prior to the test. There were 5-minute rests between tests for full recovery. In addition, the maximal muscular strength test was conducted 5 hours after the YYIRT. After the pretest, both the experimental group (EG, n = 14) and control group (CG, n = 14) received 6 weeks of preseason soccer training, with the EG receiving additional concurrent muscular strength and plyometric training. The muscular strength training was performed on Monday and Thursday mornings, each lasting for 60 to 90 minutes, whereas the plyometric training lasting for 10 minutes was performed on Wednesdays at the end of the 90-minute soccer training session. After 6 weeks of training, all players participated in the post-test, and these values were compared with those of the pretest to examine the concurrent training effects. All tests were performed at approximately the same time of the day with similar environmental conditions. 3HUIRUPDQFH WHVWV WKDW DUH VSHFL¿F WR VRFFHU PDWFK performance were used in the present study. In this regard, it has been shown that maximal vertical jump is the most discriminating explosive performance variable for soccer players. 24 A 30 m sprint with 10 m lap time has been suggested as the standard sprint test for soccer players. 3 The <<,57 LV D VRFFHUVSHFL¿F WHVW DGGUHVVLQJ ERWK DHURELF DQG anaerobic metabolism of players.
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Subjects
Twenty-eight professional male soccer players competing at the national level in India participated in the study. Before the start of the league season, there were 8 weeks of preseason training after all players had returned from their ~45 days off-season break in which no soccer training RU ¿WQHVV WUDLQLQJ ZHUH SHUIRUPHG 'XULQJ WKH SUHVHDVRQ phase, the players had 6 to 8 soccer training sessions per week, each lasting for ~90 minutes. Each training session generally consisted of a 10-minute warm-up, 30 minutes of technical training, 30 minutes of tactical training, 15 minutes of simulated competition and a 5-minute cooldown. In contrast, players had 5 to 6 soccer training session per week, each lasting for; 90 minutes during the season. During the season, players had no more than one muscular strength training session per week to maintain their body VWUHQJWK 7KH ¿UVW WHDP VHUYHG DV WKH (* Q UHVHUYH team was the CG (n = 14); goalkeepers were excluded from this study. Their body mass, height and body mass index are shown in Table 1 . The study protocol was fully approved by the Ethics Committee, Faculty of Sports Medicine and Physiotherapy, Guru Nanak Dev University, Amritsar. During the study course, all players were instructed to maintain normal daily food and water intake, and no dietary interventions were undertaken.
Anthropometric Measures
Height and body mass were collected using a stadiometer, and electronic scale (Atco, India). Skinfold thickness was measured three times at each site using Harpenden calipers (Lange, Cambridge, MA, USA) and the median of these results was used to estimate the percentage of body fat using the sum of four sites (biceps, triceps, subscapular and suprailiac) according to previously established methods. 
Agility and Sprinting Performance
Agility and sprinting tests were measured using stopwatch. Reliability of the timing method was performed using the 10m sprint since it is the test with the shortest duration and WKHUHIRUH DQ\ HUURU LQ PHDVXUHPHQW ZRXOG EH PDJQL¿HG Sprint testing was conducted on a football ground with the athletes completing three 10 m sprints before progressing to the 30 m sprints. Approximately, two-minute rest was allowed between each sprint and, during this time, the participants walked back to the starting line and waited for the next sprint. The agility was assessed using the illinois agility test on an outdoor grass pitch. 29 This test requires players to perform 12 changes of directions while avoiding obstacles at set position.
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Maximal Ball Kick Velocity $ EDOO RI ),)$ VWDQGDUG VL]H DQG LQÀDWLRQ ZDV NLFNHG P toward a 1 × 1 m target. 28 Players were asked to shoot the EDOO DV KDUG DV SRVVLEOH DQG ¿YH VKRWV ZHUH DOORZHG IRU each player with 1 minute rests in-between. 28 Ball speed was measured by a Radar Gun (Bushnell Velocity, USA) located 0.3 m from the stationary ball and pointed toward the target as directed.
Muscular Strength Training
The following exercises were performed twice a week for 6 weeks in a straight set (i.e. 1 exercise after another) for four sets each with 6 RM and 3-minute rest between sets to maximize strength gains by neural adaptation: high-pull, jump squat, bench press, back half squat and chin-up. The loads were increased each time the player successfully completed the work load of the previous training with 5 kg increments for jump squat and back half squat and 2 kg increments for high-pull, bench press and chin up. 3, 7 This type of strength training has been reported to induce minor muscular hypertrophy 34 and did not interfere with the development of aerobic endurance.
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Plyometric Training
Plyometric training was undertaken once a week for 6 weeks.
Participants in the experimental group performed exercises WKDW DOZD\V EHJDQ ZLWK D FRXQWHUPRYHPHQW GH¿QHG DV D ÀH[LRQ RI WKH NQHHV 'XULQJ UHERXQG H[HUFLVHV SDUWLFLSDQWV in this group were told to 'damp' their landings each time DQG WR JDLQ PD[LPXP KHLJKW WKURXJK NQHH ÀH[LRQ 7KH
RWKHU plyometric drill was depth jump exercise which always began with a drop from a height (40 cm). Participants while performing the depth jump were instructed to minimize ground-contact time while maximizing height. These instructions were emphasized during every session through the use of demonstrations, verbal cues and exercise sheets. The intensity of each program was subjectively equated using Chu's, 35 Potach and Chu's 36 FODVVL¿FDWLRQ of plyometric exercise intensities. The type of exercise that each group performed was matched by intensity and, where possible, by similar jumps. The height of the depth jump box remained at 40 cm to ensure that intensity increased as a function of exercise and not as a function of increased eccentric load, which could not be manipulated in the counter movement jump condition. Sessions began at 80 foot contacts and progressed to 120 by the end of training. 36 The program was incorporated into their usual twice-weekly training regime. Participants also continued their usual competitive program of matches.
STATISTICAL ANALYSIS
All values given in the text, Figures and Tables are represented as mean ± SE. A one-way analysis of variance $129$ ZDV XVHG WR GHWHUPLQH VLJQL¿FDQW GLIIHUHQFHV between the EG and CG groups. After we had pooled the two intervention groups, Scheffe's test were used to compare relative changes from before to after training between the EG and CG groups. Scheffe's tests were used to test for VLJQL¿FDQW FKDQJHV Zithin groups from before to after training. The level of sigQL¿FDQFH ZDV VHW DW S 'DWD analysis was performed using SPSS (version 20.0, SPSS Inc, Chicago, Ill). 
RESULTS
After
DISCUSSION
The results of the present study supported our hypotheses that concurrent training would improve both explosive performances and aerobic endurance of professional soccer players. This study showed that professional soccer players concurrently trained with muscular strength and plyometric WUDLQLQJ (* KDG VLJQL¿FDQWOy (p < 0.05) higher percentage improvement in vertical jump height, 10 and 30 m sprint times, agility and ball shooting speed compared with soccer training alone (CG). Moreover, after 6 weeks of concurrent training, the body mass of the EG was similar to the pretest (p-value 0.05), which could be explained by the strength training protocol selected in the present study (4 sets of 6 RM) that prevents muscle hypertrophy. Therefore, the potential negative effect of muscular strength training on aerobic endurance (reduced mitochondrial density and decreased oxidative enzymes activity) caused by muscle hypertrophy was minimized. Maximal muscular VWUHQJWK LQFUHDVHG VLJQL¿FDQWO\ DIWHU ZHHNV RI PXVFXODU strength training in EG and corresponds to significant higher percentage improvement in vertical jump height, 10 and 30 m sprint times as compared with soccer training alone (CG). This agreed with previous studies which reported high correlations between muscular strength and explosive performances. 6 Ball-shooting speed was changed VLJQL¿FDQWO\ LQ WKH (* DIWHU PXVFXODU VWUHQJWK WUDLQLQJ LQ WKH present study. A previous study reported that ball shooting speed was positively associated with leg strength, but another VWXG\ IRXQG QR VLJQL¿FDQW UHODWLRQVKLS EHWZHHQ EDOOVKRRWLQJ speed and any of the strength parameters. Furthermore, it has been reported that shooting is a multijoint activity, which is highly dependent on timing and transfer of energy between the involved body segments.
The results of this study show that strength and plyometric training can positively affect vertical jump and DJLOLW\ SHUIRUPDQFH LQ VRFFHU SOD\HUV ZLWK QR VLJQL¿FDQW difference between modes.
Vertical jump height increased for EG group. The improvement in jump height indicates that adaptations relating to increases in leg power have occurred. The adaptations to both forms of training are likely to be neural because these predominate in the early stages of strength and power training 37 and have been shown to be the main adaptation to plyometric exercise. 8 Time to complete the illinois agility test decreased for EG group. In contrast to straight sprinting, 38 agility involves greater emphasis on deceleration and subsequent reactive coupling with acceleration. 38 Leg muscle power has been moderately 8 These speculated adaptations could have improved the ability to rapidly and forcefully switch from decelerating to accelerating movements. The magnitude of increases in strength and power after training has been shown to be dependent on how similar the test is to the actual training exercise, 37 UHÀHFWLQJ WKH UROH RI OHDUQLQJ DQG coordination. 42 Although the participants were experienced soccer players, their previous training did not include DQ\ W\SH RI MXPS WUDLQLQJ RU VSHFL¿F PD[LPDO LQWHQVLW\ change-of-direction exercises similar to those employed in the study.
